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Pharmaceutic al P..naration Comprising vWF Propeptld 



•I 



.The invention/relates to a pharmaceutical preparation comprising 
the vWF-prMfeptide (pp-vWF) . 

(Von Willebrand Sector (vKF) is a glycoprotein circulating in 
plasma as a seriX of .ultimeres ranging in size fro. about soo 
to 20 000 kD. MultWric forms of vWF are composed of 250 kD 
polypeptide subuniti linked together by disulfide bonds vWF 
LdHtes the initiaAlatelet adhesion to the sub-endothelxum of 
the damaged vessel waV only the larger multimers 
exhibiting hemostatic Vivity. It is assumed that endothelial 
cells secret large polyXic forms of vWF and that those forms 
of VWF Which have a low m\ecular weight (low molecular wexght 
VWF) have arisen from proteolytic cleavage. The mult.mers hav.ng 
Ce molecular masses are lored in the Weibel-Pallade bodres 
of the endothelial cells and ^ berated upon stimulation. 

VWF is synthesized by endothelial cells and megakaryocytes as 
prepro-v^ that consists to a large extent of repeated domaxns. 
Ipon Cleavage of the signal peptide pro-vWF dimerxzes through 
disulfide linkages at its C-terminal region. -"^^ 
protomers for multimerizatlon which is governed by disulfide 
Unkages between the free end termini. The -se^ly .o -It.mers 
is followed by the protelytic removal of the propeptide (Leyte 
et al., Bioohem.J. 274 (1991), 257-2G1) . 

The full length of cDNA of vWF was cloned; the propolypeptide 
corresponds I amino acid residues 23 to 764 of the fu length 
prepro-vWF (Eikenboom et al (1995) Haemophilia 1, 77-90). 

The propeptide of vWF (pp-vWF) was shown to be identical to the 
von Wil!ebrand antigen 11, the second identified antigen tha is 
deficient in the plasma and platelets of patients wit,^ severe 
von Willebrand disease (vWD) . pp-vWF is specifically localized 
in platelets since plasma contains less than 5% of total 
propeptide vWF in blood, assuming the platelet count is 3 x 10 
p r AS already known, pp-vWF is released from platelets upon 

activation by various agonists. The pp-vWF is a glycoprotein not 



only because it reacts with periodic acid Schiffs reagent but 
also because it binds to lentil lectin. pp-vWF binds 
specifically to native type I collagen, but does not bxnd to 
heat -denatured collagen. It was shown that the affinity between 
PP-VWF and type I collagen was quite high so that the ^xnd.ng - 
which does not require any divalent cation and is not affected 
by addition of a peptide that contains sequence of arg.n.ne- 
glycine-aspartic acid (that is known to inhibit many cell 
attachment processes) - rapidly reached equilibrium. 

The physiological role of pp-vWF is postulated to lie in the 
government of the assembly of vWF multimers, either before or 
after the cleavage from pro-vWF molecules. (Takagi et al . , JBC 
264 (18) (1989), 10425-10430). 

PP-VWF was also shown to inhibit the platelet collagen 
fntlraction action (Takagi et al., 2S4 (11) (1989), 6017- 

6020) . 

in isobe et al. (JBC 272 (13) (1997), 6447-6453) the role of pp- 
VWF as a novel physiological ligand and an adhesion substrate 
for «4P1 integrin-expressing leukemia cells was investigated, 
was found that pp-vWF plays an important role in the mechanism 
underlying the melanoma metastasis as well as vascular 
inflammation. 

Although pharmaceutical preparations containing mature vWF are 
knLn (se! e.g. ns S,S71,784) the pharmaceutical usage of pp-vWF 
or the pro- form vWF have not been described or suggested xn the 
prior art. According to the US 5,571,784 vWF does not impair the 
systemic anticoagulatory effect of the anticoagulant hirudin as 
measured by the aPTT, rather it decreases the bleeding side 
effects of anticoagulant therapy. vWF is therefore proposed as 
pseudo-antidote in assocation with hemorrhages which are 
produced by administering antithrombotic and/or fibrinolytic 
agents . 

FromBlannet al . (Eur . J .Vase . Surg. 8 (1994), 10-15) it is also 
known that vWF levels are increased with risk factors for 
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atherosclerosis and in patients with diffuse arterial disesase. 
The level of vWF is also thought to be a measure of endothelial 

>integrin-expressing leukemia cells was investigated. It was 
found that pp-vWF plays an important role in the mechanism 
underlying the melanoma metastasis as well as vascular 
inflammation . 

Although ptiarmaceylical preparations containing mature vWF are 
known (see e.g. /s 5,571,7 84) the pharmaceutical usage of pp-vWF 
or the pro-font/vWF have not been described or suggested in the 
prior ayO\Acabrding to the US 5,571,784 vWF does not impair the 
systemijb anycoagulatory effect of the anticoagulant hirudin as 
measured b/ the^aPTT, rather it decreases the bleeding side 
effects^/ an^coagulant therapy. vWF is therefore proposed as a 
pseudo-antidote in assocation with hemorrhages which are 
produ^^ by administering antithrombotic and/or fibrinolytic 
agen|^^ 

From Blann et a/ {Eur . J .Vase . Surg . 8 (1994), 10-15) it is also 
known thafesvWF/ levels are increased with risk factors for 
atherosJler^s and in patients with diffuse arterial disesase. 
The leveVL of vWF is also thought to be a measure of endothelial 
damage iV^tte^inf lammatory vasculitides . Providing low levels of 
vWF in I patient is suggested to be protective for such 
disea^s. 

) It is is the object of the present invention to provide a vWF 
pharmaceutic wiZh improved properties. The preparation should 
enhance the intrinsic blood coagulation activity in individuals 
and reduce t)^ arterial thrombotic risk of vWF therapy. 

iThis object is solved' by the? present invention by providing a 
pharmaceutical preparation/for treating blood coagulation 
disorders comprising an affective amount of vWF propeptide. It 
was found out that pp-vW^ plays an essential role in blood 
coagulation. It promot^ the intrinsic blood coagulation and 
thereby acts on secondary heostasis. At the same time it 
inhibits the platele/ adhesion and controls the primary 
hemostatic activity/ of mature vWF by binding to collagen. Based 



on these findings, a/ vWF preparation can be improved providing 
additional pro-vWF kr pp-vWF as a separate effective protein in 
the vWF preparation. pp-vWF controls the primary hemostatic 
activity of the mkture vWF and thus reduces the potential 
thrombotic risk of vWF for e.g. inducing arterial thrombosis as 
indicated by tt^ prior art. 

It was surprisingly found out that a recombinant vWF preparation 
(rvWF) containing substantial amounts of pp-vWF induces an 
elevated thrombin generation in vitro . The thrombin generation 
was measured by an in vitro assay performed with washed vWD 
platelets in FVIIIC substituted vWD plasma upon addition of 
FEIBA (factor VIII inhibitor bypassing activity; Austrian 
patents No 350 726, 368 883 and 398 079) to initiate the 
activation of prothrombin. When the rvWF preparation contained a 
predominant amount of pro-vWF and pp-vWF the thrombin generation 
was substantially increased. The contribution of the pp-vWF to 
the coagulation-promoting effect of vWF is therefore 
surprisingly significant. 

Since these results imply that the effect of vWF as blood 
coagulation factor is related to pp-vWF, the pharmaceutical 
preparation based on the pp-vWF or pro-vWF is applicable in 
areas wherein vWF has been proposed and even more areas where a 
. coagulation -promoting effect is desired. 

The preparation of the pp-vWF or pro-vWF is well known in the 
art due to many papers relating to expression and properties of 
vWF or for diagnostic purposes, see e.g. experimental procedures 
in Isobe et al., Takagi et al. (both 1989 papers) or Leyte et 
al . . However, there was not yet any individual coagulation J 
promoting activity reported to be associated with vWF and the / 
propeptide region of vWF and therefore not a respective 
pharmaceutical preparation. Since the pp-vWF is a well defined 
polypeptide and easily prepared by recombinant DNA- technology , 
the recombinant way of production is a preferred embodiment for 
producing the present pharmaceutical preparation. The 
polypeptide may also be purified or purified further by 
chromatography, such as by ion exchange chromatography and/or 



collagen, factor viii y dd-vWF from 

p.a™aceutlcax --^r^e ^^^^^^^^^ -^""'^ 
propeptide. Thereby ''^^ f/f/^^^^, 3,%, preferably at least 

pro-vWF is contained. 



^ 1-0 use recombinantly produced 
- state, above It is ^^Z^^^^^- ^ 

r^rr rjxzXoo. .> ..... «sx..sss, 

preparations o. the -^^^^^^^^^ 

least 10 nM pp-vWF. more P-^'^^^^^ „ore preferably 

„ore tban SO nM, ^^^^ .^^^^^^l^,; 2S0 nM. The effeotive 

.ore than 100 n«, espeo.ally more t ^^^^^ ^^.^^ 

amount is defined to obta.n 3, ,3, 1996. 2951 - 

physiologic amount in human P^^"^' propeptide and 

.,SS it is reported that the - pp..„P is 

vWF concentration xs about o, concentration of 5 

considered as a rather abundant prote n a ^^^^^^^^ ^ 
to 100 nmol/L depending on the state 



endothelium. 



. d in the preparation besides pro-vWF the molar 
I£ VWF is contarned m the p P ^^.^^ 

ratio Of the pro-vWF J^l^^ XoTyolon.. antibody 
measured as U-Antigen ^^'^''^^^^J ;J.J^ ,he preferred 

preparation fn r^-- " 

preparation accordrng to ^ 50%. The most 



than 80% of vWF-Antigan as pro-vWF. 

—ion --^-xrTJ::r: ere: ::-vw/is e.e=...e 

rirrro^Ll;^- - ooa^.a..on-p.o.oUn. ac.v.V. 

according .o tHe P--^ ^^^f^ ^^.rea e^odi^ents o. 

p.o.ein, preferably _ group consisting of 

these .iood ,,ooa coagulation factors, 

mature vWF, factor vixx, hemostasis 
..oo. factors wi.. norLi pxL.a is a suitable 

protein decreasing the aPTT or 
co^ination with the pp-vWF or pro-v«F. 

. co^ination of the ^-^J^^t^^^^^' 

—Tr^^rr^^^^^^^^^^^^^^ 
-rt^LrtifnThrrti^riri.^^^^^ 

further co^inations in a 

.ccording to ending properties or 

component So^e of the -p^^ ^^^^^ ^ 

activity to vWF or pr Cities, are collagen, 

contribute to t.e .i.rin, heparin, 

platelet glycoprotein, a platelet, 
or a derivative thereof. 

. • of the present invention may also 
The pharmaceutical preparation of the pr 
further contain phospholipids. 

virus inactivation or removal. 

„. .... — -r" " 

any treatment accepted as being 



preferred embodiments of the present invention the 
pharmaceutical composition is treated with tensides and/or heat, 
e.g. by a heat treatment in the solid state, especially a steam 
treatment according to EP 0 159 311 or EP 0 519 901 or EP 0 637 
451, by a hydrolase treatment according to EP 0 247 998, by a 
radiation treatment or by a treatment with chemical or 
chemical/physical methods, e.g. with chaotropic agents, 
according to WO 94/13329, by a treatment with organic solvents 
and/or tensides according to EP 0 131 740 or photoinactivation . 
Nanofiltration also represents a preferred method of depleting 
viruses within the scope of the present invention. 

The pharmaceutical preparation according to the present 
invention further contains a pharmaceutically acceptable carrier 
and/or suitable buffer auxiliary preserving and/or stabilizing 
substances like carbohydrates or salts, or protease inhibitors 
or cofactors, respectively. The preparation is finally 
formulated for especially parenteral or topical uses like any 
known vWF preparation according to the prior art. This may be 
done by filling it into containers in a form suitable for 
administration and preferably packing it so as to be storage 
stable, optionally in the lyophilized or frozen state. 

The preparation according to the present invention may be 
produced both by purification from blood serum or plasma and by 
a respective expression system. Transgenic animals might as well 
provide the source of pp-vWF or pro-vWF. 

A preparation according to the present invention may also be 
provided by expression of the pp-vWF or the pro-vWF containing 
pp-vWF in vivo or ex vivo . Especially suitable for such 
procedure are cells derived from mammals, in particular human 
cells, which can be cultured or employed in human gene therapy. 
Also transformed cells expressing pp-vWF or the pro-vWF as a 
heterologous protein are a suitable source for obtaining the 
preparation according to the invention. 

A further embodiment according to the present invention is also 
a pharmaceutical preparation containg a pro-vWF mutant with a 



such a mutant has been described 
mutation at the ^l^^^^^l^^^X^^^,., purPOse. (Blood ee ,S) , 
by Borchiellini et aX . £or y -,63 has a mutation 

„hich provides for a P---;;;;^^„,, pro-vWF against 

physiological enzymes. The res coagulation- 
^iLvage leads to the comprised in the pro-vW. 

rrrer;r-ron2 aL.on is designed by a spec., 
mutation at the cleavage site. 

^ effected by the techniques of 

.his specific ^^f;//,;rt:;i! <s,. looe - 13 

.anKhof et al . (Thrombin ,he domain, 
-r^t: p'ofervsrs umess it became sensitive 
which was resistant t i> 
upon unfolding to the molecule. 

_ _t proteins Of PP-J rus^r t^ 

properties of the native proteins y ^^^^^^^^ ^^^^^^ ^ 

present preparations. In this case ^^^^^^^ 

or ;;orpro-v«.. 

to act as a moditiea 

.et another effect of 

producing a pharmaceutical P-^-^^^ ^ ^„„,3 ,,,erial 
Lount of PP-vWF the pp-vWP from the 

containing the vWP PP-v«F to a pharmaceutical 

source material and formulating PP 



preparation 



picpo--^""- 

3„urce material may preferably be blooa s^^^^r''^'^' ' 
colostrum or mil. of "^^^^^-'--'''^X^^ been produced by 
solutions, especially " ^^^rce material containg PP-vWF 

recombinant ^^in a prc-vWF. Methods and 



Borchiellini et al. supra 



OUI. v^ii J-v- 

.he expression is preferablV r trprorrThifmay 

processing and maturation of vWF 
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. v,-K^i-ion of processing enzymes. 

,e e«ec.e. .V ^^^^^ZJlC^^ ^ ^^^^ 

The inhibition of P-^^/^-J^^Xse and 769/96 prevents the 

.ultimerase as descrxbed .n A JO/ ^^^^^ ^^^^ 

p^eraature processing of P-;"/;;^^^,, ^.^.^in or obtained upon 

pp-vw. .ight be expressed as a s P_^^^ ^^^^^ 

cleavage and processing of the p 

i-h«= tjresent invention is 

pro-vWF-Gly 763. 

,^=al preparation may be produced xn 
------- /rntrrtr-^-i-- the cxeavage of the PP- 

the presence of an inhibi inhibitors are 

vMF from the pro-vWF. Examples fo ^ ^^^^.^^ ^^^^.^^ 

antibodies against ^'^e^^-^f^;^;':, inhibitor of processing 
directed against the cleavage s.te 



enzyme 



. stated above, the prepar.ioh 

n known in the art due to vax Tagaki et 

are well-known i ^ . ^. r.r.-vWF (see Isobe et al., ^^ly 
experiments conducted wxth pp 
al . , Leyte et al . ) • 

t-he present invention 

„^i,h administered to humans. 

vivo to at least t- pro-vWF once or severa 

by administering the pp-WF or the P ^^^^ 

during the acute disorder. 

. of thV present invention is the use of PP-vWF 
' . ->^et another aspect of thyr 



phenotypic hemophxl.a, heri^P 

depending on the resp ^^^^^Ls of the c 

V, n after deter/inatxon of the d ^ient. The optxmum 

chosen after J thrombosxs xn the pa ferably 

blood factors or /txsk parenteral, pr 

dosage also dep/nds -;7^;;^,,,,,,.3cular adi^inistratxon - 
intravenous, ^bcutaneous or x ^^.^^ ^ suxtable 

effected/ --^^r^po /peroral administration xs 

propeptide or pr ^ ^.^i^ ^ or factor VIII 

pro-vWF exhibit when 
to the positive P-P"^^^^^/^;:;^3;Lr arterial thro^osis. 
■ rained with P-P--^°-;;t: Lr aspect Of the present 

- ^rrr-r;;. pr^-vw. -^ce thr^^;;^;^ 

invention to use pp potential exaggeratxon 

r.=,-rations. Thereby the pox, ^„iated, whereas the 

vVIF-preparacxuiio ^^wpIv down-moduiaceu. 



intrxna-L^ — - 
a coagulation deficiency 



a cuayv^*-- 

f =, vWF preparation xs 
xn particular the co.patibU.ty of a v P^ ^„„,,„,,,on with 
Leliorated and improved ^V -^ :^;^„_,3. Because of the 
..e PP-vWF or -/J/:;; propeptide it further 

controlling function of the J of adverse reactr 

contributes to the "--^^ J^"^ particularly elevated vWF 
of endogenous and exogenous 
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«ociated «ith thro-nbotic thrombocytopenic 
levels in patients --"^^J^^^^ p.eolampsia, neonatal 
purpura, Henoch f J":,,: .yndro^e, myocardial 
ra::rrrp::r :..cLe «ollo«in. artenal surgery. 

.he present invention .11 ^^^^^^ Zl^^^^^^ 
the following examples and drawxng 
shall not be restricted. 

,.,..ho.s. he e.ecto.pro-vW. on the thrombin .eneration in 
• pllsma if .he presence o£ platelets, 

rk the dose dependent e«ect of pro-vWK on the thrombin 
::irirpirs:ain^.e presence o. Platelets. 

• „f the in vivo effect of pro- 
.igs.sJ^^b Show the comparxson of 

Examples : 

M d eal Inc , USA) which was 
severe vWD plasma (George King Bro- e^i^^^ (R^combinate , 
previously reconstituted 1 ^„ „,,,ed platelets 

Lxter, .S., (200 .1) was xncubatea ^^^^^^^^ 
from a severe vWD patrent , alternatively FVIIa 

,,IBA (immuno, Austria) -^/^^f^/^'^.^.e.a.ly in a final 
.ould also be used as an -^^^^^^ l^ ,o .1 were withdrawn 
concentration of 0.2 ^^'^^ /f/ .hromogenic substrate for 

at time intervals, and added ^ Austrra) 
thro^in (-cvclohexyl-gly--- .he reaction 

containing 3 ^ ^DTA to -"P anV j^/,, ..etic acrd, 

„as stopped by the .Ltion of the thron^in 

rnc-rir^^^^^^ 

different v. 1^ vlll 

amounts of provWF and propeptide) 



- 12 



, in a final concentration of 1 Risto 
reconstituted plasma --"P^^^ ^ jollowed. d Ri-" U/ml - the 
„/.l, and thro^in 9-"^"°" ^^^J^ in normal plasma, . Thus 

istocetin cofactor act.v.ty of the ^.....ation with 

.he plasma samples contained .n th ^^^^^ ^ 

- rThire^rorrrnrco^tLned 3, . P^o^W. and . nM 
propeptide, while cne 
propeptide, respectively. 

it-c are depicted on Figure 1- 
The results are ucf 

. that albeit both preparations 
Xt is clear from the curves, ^^^^ high provWF and 

the presence of platelets. 

4- -ion which contained 
.he effect of a reco^inant ^ P-^tnti^in on the thro„.in 
„ore then 90% provWF of the tota 

generation was investigated .^h y ^^^^^^ ^^^.^^^ 
Example 1. Washed platelets from a 

,^e HI) and the Led in the experiments, 

reconstituted with 1 ^I'lHl^ ,i O - the v«F 

Kecon^inant provWF of 2 and 5 v«F Ag ' added 
antigen amount in 1 ml -^f^/^tnLeration was compared w.th 
.o the plasma samples and ^^'^^J^^ ^ ,^,„3, ,,at above a 

resiror: — — - 

observed. 

. ........ « --'rrr. ::rrr:.;;:i.- 

factor VIII activity '\\°\^^ recombinant vWF used xn 

and infused with 35 Risto U/m of t^ ^ ,,,,, , the 

the example 2, contarnrng more then ^„ „ 

infusion and 15, 30, 40 m.nutes, 1, 



ere taken. 95 hours later a 
hours post infusion ^^--^^^^"^ ^[^^^^^ „S - Behringwerke , 
plas.a derived v«P P-^^;;;""^ san-plas were ta.en again 

Marburg, Germany) was as before. This plas»a 

a. the san>e interva s af er the ^^^^^^ 
.erived vW. P-P^-^JX^l .a.pies were anaiy.ed for totai 
provWF and no PP-"^ ' J'^^ ^ Boehringer) , provWF and 

VWF antigen (Asserachro. ELISA ,1 Blood 88, 

propeptide antigen '--f-^^^/^.-..^.^ generation potential, 
„S1, 1.^6), as well as ^-^^^ „ ^„,,„,ial is defined as 

, tir— t— Icentration .easured as described rn 

Example 1. 

■ of the various parameters, 

(S zero . 

^ A ^ -n parallel with the increase of 

(Sli^lThrombin potential iJ^reaeed r P ^„^i.„ant provWF 

propeptide after Va-- ^ h a ^ ^^^^^^^ 
preparation. ELISA "fVj^re; IS minutes, and it could no 
fj remained in ^-^--^fT/:^™, , but a significant increase 
j; longer be ^^^-^^^^f ^/Ls observed. In contrast, no 
ri in the propeptide and thron4>in potential was 

" — n:r^ ::tr:Xas.a delved v„F mfusion, 
. .. Tp^e^f le vWF^ntigen levl^ increase . 



